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INTRODUCTION 
Recently, it has been discovered that certain lines 
of Avena sterilis, a wild oat collected in Israel and other 
areas near the Mediterranean Sea, have a high percentage of 
protein in their caryopses (groats). Whereas cultivated 
oats in the Midwestern United States generally contain 13 
to 17 percent protein (Prey, 19515 Briggle, 1971)» some A. 
sterilis lines contain from 25 to 30 percent (Campbell and 
Prey 1972a; Briggle» 1971)= As might be expected with these 
data at hand, researchers on several oat-breeding projects 
currently are attempting to transfer the "high protein 
genes" from A. sterilis to A. sativa cultivars. 
When they were studying the inheritance of protein 
percentage in the groats of F^-derived oat lines from A, 
sativa-A, sterilis crosses, Canipuell aiiu ?rsy (1972a) notsd 
that the lines which possessed A. sterilis seed traits (i.e., 
twisted awnss pubescence 9 dark color? shattering and abscis­
sion spikelet separation) usually were higher in protein con­
tent than were lines that possessed A. sativa seed traits. 
These observations were interpreted to result from linkage 
of the locus (or complex of loci) that conditions these 
seed traits and a major locus (or complex of loci) that af­
fects protein percentage in the oat groats. Nearly simul­
taneously, Prey and Browning (1971) found that several 
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genes for crown-rust resistance from different cultivars 
and lines were associated with deviations in grain yield 
that ranged from -9.6 to +7.6 percent. One of the rust 
resistant-grain yield associations they reported was de­
rived from an A. sterilis line (C.I. 8079). 
These reports of the associated occurrence between 
qualitatively (i.e., seed traits and rust resistance) and 
quantitatively inherited traits (i.e., protein percentage 
and grain yield) in oats prompted me to investigate whether 
the lïiarker—gciiS method (Atkms and Mangelsdorf, 19^2) might 
be applicable to transferring high protein genes from A, 
sterilis lines to A. sativa cultivars. The marker genes I 
used were crown-rust resistant genes that had been estab­
lished into an isoline series for use in multiline cultivars 
(Prey et al.. 19?1)= Additionally. I repeated the experi­
ment of Campbell and Prey (1972a} where they found that the 
A. sterilis seed trait, jointed awn, was associated with high 
groat protein. Also, the inheritance of groat-protein per­
centage was investigated in my oat crosses. 
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REVIEW OF LITERATURE 
A number of cases of associations between qualita­
tively and quantitatively inherited traits have been re­
ported in the literature. For oats Campbell and Frey (1972a) 
while studying the inheritance of groat protein content and 
seed traits in interspecific oat crosses (A. sativa x A. 
sterilis), found high groat protein percentage was associated 
with abscission spikelet separation, jointed awn, seed color 
and shattering, all of which are characteristic of A. 
sterilis» Prey and Browning (1971) discovered several cases 
of association between crown-rust resistant alleles and su­
perior or inferior grain yield in routine testing of 
backcross-derived isogenic lines. 
In crosses of the soft winter wheat, Atlas 66,which 
contains high protein content, with hard red winter culti-
vars, Comanche and Wichita» Haunold et al.(1962) and Johnson 
et al, (1963) found leaf-rust resistance was associated with 
high protein content in the kernels. The association was 
sufficiently good that leaf-rust resistance could be used to 
select lines with high protein genotype, Tandon et al. 
(1970) found the dominant allele (R) for red grain color in 
wheat was linked with the favorable genes for protein con­
tent whereas the recessive allele (r) was linked with un­
favorable genes. Similarly, Swaminathan et al., (I969) 
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found that a gene for glume blotching in wheat was associ­
ated with genes which increased grain protein as high as 
15.2 to 19»9 percent. Clark et al. (1928) found no associ­
ation between awns and grain protein percentage in wheat, 
but Clark and Quissenberry (1929) found awned wheats had 
greater percent protein than did awnless types. 
Middleton and Hebert (1950) reported that purple straw 
in wheat, which is controlled by a single gene, was associ­
ated with high kernel weight, a quantitatively inherited 
trait. Using isolines of wheat, Suneson et al. (1948) and 
Atkins and Norris (1955) showed that awnedness, a simple in­
herited trait, was associated with high yield, kernel weight 
and test weight. 
In barley; Suneson et al, (195?) found that grain yield 
differences as large as 29 percent were associated with 
different alleles at the linked loci for the qualitatively 
inherited traits, awn barbing and rachilla hair length. 
Rough awn and short rachilla hair were associated with low 
grain yield, Sverson and Schaller (1955) were able to sx= 
tract several rough awned lines that had the high-yield 
expression, so the association was due to linkage and not 
pleiotropism. Sunsson and StsVens (195?) reported that the 
high-yield gene linked with the smooth awn allele inter­
acted significantly with the test environment. It was ap­
parent in only five of 12 test years at Davis, California. 
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They also reported that the hooded gene in barley was asso­
ciated with an 18 to 25 percent reduction in grain yield. 
Day and Dickson (1957) tested 5 chromosomes in the barley 
cultivar O.A.C. 21» via the marker-gene method and they 
found that in linkage group I the allele for two-row expres­
sion was associated with high protein. In none of the other 
linkage groups (II, III, IV and V) was an association found 
between a marker gene and grain protein percentage. Day 
et al. (1955) fouxid the quantitative trait; diastatic en­
zyme activity, was associated with the rough vs, smooth 
awn character determined at a locus in linkage group V. 
In flax, an association between yellow seed color and 
hi^ iodine number was reported by several workers (Amy, 
1936; Dillman, 1936; McGregor, 1937; and Carnahan, 1949)* 
Howcvsr- attempts to combiDR high oil content and high io­
dine number of yellow-seeded lines with superior yield of 
brown-seeded lines have been disappointing since there is 
an association between yellow seed color and damaged seed 
(Culbertson and Koaa&d&hl, 1956)= In cotton, Kohel and 
Richmond (1971) developed nine isolines to evaluate ef­
fects of nine dominant marker alleles s which are qualita­
tively inherited traits, on boll size, earliness» strength, 
fiber fineness and fiber length which are quantitatively 
inherited traits. They found associations with many of the 
marker loci. 
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The inheritance of protein content in the grain of 
cereal crops has been reported by several investigators. 
Frey et al. (195^) reported dominance for low protein per­
centage in two oat crosses in one study and partial domi­
nance for low protein in another (Frey et al., 1955)» Re­
cently, Campbell and Frey (1972b) reported additive gene 
action for groat=protein percentage in six of ten interspe­
cific oat crosses of Avena sativa x A, sterilise and dupli­
cate epistatic gene act-ion for low protein in three others. 
East and Jones (1920) reported partial dominance for 
low protein content in com in a large number of crosses. 
Work by Lindstrom and Gerhardt (1927) and Frey (19^9) showed 
low protein content was dominant over high protein in two 
crosses. 
In wheats partial dominance for low protein percentage 
was reported by Lebsock et al. (1964), but Haunold et al. 
(1962), Stuber et al. (1962) and Kaul and Sosulski (1965) 
found little or no dominance controlling protein percentage 
in wheat crosses- Chapman and McNeal (1970) found additive 
genetic effect conditioning grain protein content in five 
spring wheat crosses and in only two of the five crosses 
was the dominance effect operating. 
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PROCEDURES 
Theoretical Basis for Study 
The marker-gene technique to trace the inheritance of 
quantitatively inherited traits, as proposed by Atkins and 
Mangelsdorf (1942), makes use of a pair of isolines, i.e., 
two lines which are genetically identical except for con­
trasting genes at one locus. The pair of isolines is estab­
lished through either backcrossing or repeated generations 
of selfing of plants that are heterozygous at the marker 
locuse Once established, the isolines can be tested in 
"paired-comparison" experiments for traits that are quanti­
tatively inherited. If the isolines differ significantly for 
the trait(s) measured, it is assumed a genetic association 
occurs between the marker locus and a major locus (or block 
of loci) for the quantitatively inherited trait. 
For my study I used what might be called "isopopula­
tions," Isopopulations from a cross are two groups of 
dsrived lines, one in which all lines carry the dominant 
allele in the homozygous and homogeneous state at the marker 
locus and the second in which all lines carry recessive 
allele at the same locus. In my study one group would have 
all crown-rust resistant lines and the other would have all 
crown-rust susceptible lines. It is assumed that with a 
sufficiently large number of lines in each group, the average 
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genetic compositions of the two groups will be equivalent 
and equal for all chromosome pairs except the one that bears 
the marker-gene locus. If the means for the quantitative 
trait in question (in my case, protein percentage) from the 
two groups of F^-derived lines differ significantly, it is 
taken as evidence for an association between the marker 
locus and a locus (loci) for the quantitatively inherited 
trait. The association can be due to either linkage or 
pleiotropism. If the means of the two groups of lines in a 
cross are equal for the quantitatively inherited trait, it 
is assumed that no major genes for this trait are linked to 
the marker locus. 
Materials 
The materials for my study were derived from 48 inter­
specific crosses of Avena sativa x A, sterilis. Both oat 
species are hexaploid and cross readily to produce fertile 
hybrids. The 48 hybrid combinations were made by crossing 
16 isolinss (A. sativa), each with a unique gene that condi­
tions resistance to certain races of cro'.vn rust (Puccinia 
coronata Cda, avena Frazier and Led) as females to each of 
three A# sterilis lines which had a high percentage of groat 
protein and no rust resistance used as males (Table 1). 
Seeds from the exact plants used as females and males were 
saved for use in the rust reaction-protein percentage study. 
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Table 1. Oat lines used in the interspecific crosses and 
the original sources of the genes for resistance 
to crown rust in the isolines 
Line Source of resistance 
A) A. sativa isolines 
X 465 
X 467 
X 550 II 
X 466 I 
X 470 I 
C 237-89 III 
X 292 II 
X 469 II 
X 541 
X 434 II 
X 766 
C 237-89 II 
C 237-89 IV 
X 360 
X 468 II 
X 544 
terilia lines 
B 430 
B 434 
B 429 
C.I. 8078' 
Victoria 
Saia 
C.I. 8001 
Ao csnc- S.0 
Landhafer 
C.I. 2923 
Ascenoao 
P.I. 185783 
G.I. 8079^ 
P.I. 267989 
Garry 
Bond 
Santa Fe 
Trispsmia 
Pols 174544 
None 
None 
C.I. 8001, C.I. 8978 and C.I. 8079 are lines of A. 
sterilis. 
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Seeds of the P^'s and parents and of the were sown in the 
10 cm-pots in the greenhouse during fall and spring respec­
tively, and all seeds that descended from one F^ hybrid 
plant were harvested in bulk. 
In summer 1971• 200 random F^ seeds derived from one 
F^ hybrid plant of each cross were space-planted in the field 
at the Agronomy Farm, Ames, Iowa: Plants were spaced 30 cm 
apart in rows spaced 75 cm apart and one cross was sown in 
one long row- At one end of each row 25 seeds from the fe­
male parental plant were sown and at the other end 25 seeds 
from the male parental plant were sown. Before planting 
50 kg of ammonium nitrate per hectare were added to the soil 
to provide an adequate supply of soil nitrogen throughout 
the growing season. Each F^ and parental plant was scored 
for maturity by recording the number of days after April 9 
when its first panicle was fully emerged. Approximately 20 
days after panicle emergence, height in centimeters was 
measured from ground surface to the tip of the primary pani« 
cle. All plants were sprayed with a fungicide at weekly 
intervals from anthesis to maturity to prevent rust infec­
tion, plants with blue-dwarf or barley yellow-dwarf dis­
eases or that were otherwise injured were rogued before har­
vest. Each surviving plant from a cross was harvested and 
threshed separately and the bulk seed from one plant was 
considered to be an F^-derived line. Individual plants of 
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the parents used in the crosses were also harvested and 
threshed separately. 
The seeds harvested from the field were used to classi­
fy the F^-derived and parental lines as resistant, segre­
gating, or susceptible to the appropriate crown-rust race. 
For three of the 48 crosses - C 237-89 IV x B 430, c 2)7-89 
IV X B 429 and X 469 II x B 429 - all F^-derived lines were 
susceptible, so I could not use the rust-resistant alleles 
as marker genes in these crosses. 
To classify a line for rust reaction 15 seeds from it 
were sown in a hill in a galvanized iron flat (dimensions 
33 X 49 cm) filled with a sterilized mixture of soil, sand, 
and peat in a ratio of 2;1;1. Hills were spaced five cm 
apart, in perpendicular directions, so at one planting a 
flat contained 54 hills. F^-derived lines, appropriate pa­
rental lines, and several check cuitivârs wsi-e âOwTi together 
in a flat. The race of crown rust used to test lines from a 
given cross was chosen so it would parasitize one parent but 
not the other. Inoculation was accomplished by spraying 
seedlings with a mild detergent solution and dusting the 
moist leaves with a urediospore^talc mixture. Flats with 
inoculated plants then were placed in a moist chamber for 15 
hours after which they were kept on benches in a greenhouse 
maintained at 25° - 30^0. Ten days after inoculation, seed­
lings were classified for rust reaction using the scale 
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developed by Murphy (1935)» Seedlings with 0-, 1-, or 2-
type reaction were classed as resistant, and those with 
a 3- or 4-type were classed as susceptible. Crosses, 
races of crown rust used to test F^-derived lines in the 
crosses and crown-rust reaction of the parents are given in 
Table 2. 
Within a cross, F^-derived lines which were either 
homogeneous resistant or homogeneous susceptible to the 
crown-rust race used were employed for groat-nitrogen analy­
ses, Fivs lines from each parent of a cross also were 
analysed for groat nitrogen» The number of lines available 
for groat-nitrogen analyses within crosses varied from ten 
to 73 for resistant type and from seven to 57 for suscepti= 
ble types. In total I analyzed 3002 lines. 
To prepare a sample for analysis, I dehuiied ten to 20 
seeds from it, placed them in a 100°C. oven for 24 hours, 
and weighed enough whole groats to give a sample weight of 
approximately 150 mg (usually 6 -= 10 groats). Nitrogen an­
alyses were made via the micro-Kjeldahl method described 
by Campbell (1970), Briefly it consists of: 
(1) Digestion: An oven-dry sample of about I5O mg 
was digested with 3 ml concentrated HgSO^ in a 
100 ml digestion flask with a small amount of 
catalyst (100 gm KgSO^: 10 gm CuS0z|,.5 HgOi Igm 
Se). The flask was heated until the liquid sample 
Table 2„ Races; of crown rust uswd to teat lines in the various crosses and the 
reactions of parent cuiitivars to these races 
Parentage ^of^ Crown-rust reaction 
Female Male crown riAst Female Male 
X 465 X B 430 290 resistant susceptible 
X 467 X B 430 290 resistant susceptible 
X 550 11 X B 430 264 resistant susceptible 
X 466 I X B 430 203 resistant susceptible 
X 470 I X B 430 290 resistant susceptible 
C 237-89 III X B 430 290 resistant susceptible 
X 292 11 X B 430 290 resistant susceptible 
X 469 II X B 430 290 resistant susceptible 
X 541 X B 430 290 resistant susceptible 
X 434 i;c X B 430 290 resistant susceptible 
X 766 X B 430 203 resistant susceptible 
c 237-89 II X B 430 290 resistant susceptible 
X 360 X B 430 203 resistant susceptible 
X 468 II X B 430 290 resistant susceptible 
Table 2 (Continued) 
Parentage Race 
Female Male crown rust 
X 544 X B 430 203 
X 465 X B 434 290 
X 467 X B 434 290 
X 550 11 X B 434 264 
X 466 I X B 434 290 
X 470 I X B 434 290 
C 237-89 III X B 434 290 
X 292 II X B 434 290 
X 469 IÏ X B 434 290 
X 541 X B 434 290 
X 434 II X B 434 290 
X 766 X B 434 326 
C 237-89 II X B 434 290 
C 237-89 IV X B 434 203 
X 360 X B 434 203 
Crown-rust reaction 
Female Male 
resistant susceptible 
resistant susceptible 
resistant susceptible 
resistant susceptible 
resistant susceptible 
resistant susceptible 
resistant susceptible 
resistant susceptible 
resistant susceptible 
re si s tan t susceptible 
re si s tan t susceptible 
re si s tan t susceptible 
resistant susceptible 
resistant susceptible 
re si s tail t susceptible 
Table 2 (Continued) 
Parentsige Race 
Fern al ê""""*""" crown r-ust 
X 468 II X B 434 290 
X ^4 X B 434 203 
X 465 X B 429 290 
X 467 X B 429 290 
X 550 Ii: X B 429 264 
X 466 I X B 429 290 
X 470 I X B 429 290 
C 237-89 III X B 429 290 
X 292 II X B 429 290 
X 541 X B 429 290 
X 434 II X B 429 290 
X 766 X B 429 290 
C 237-89 II X B 429 290 
X 360 X B 429 203 
X 468 II X B 429 290 
X 544 X B 429 203 
Crown-rust reaction 
Female Male 
resistant susceptible 
resistant susceptible 
resistant susceptible 
resistant susceptible 
resistant susceptible 
resistant susceptible 
resistant susceptible 
resistant susceptible 
resistant susceptible 
resistant susceptible 
resistant susceptible 
resistant susceptible 
resistant susceptible 
resistant susceptible 
resistant susceptible 
resistant susceptible 
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was clear and colorless. 
(2) Distillation* When cool, the digested sample was 
distilled in a micro-Kjeldahl distillation appa­
ratus, using 17»5 ml 10 N NaOH to neutralize the 
digestion acid and ammonia was received in 10 ml 
of the boric acid solution containing a mixture of 
methyl red and "brom cresol green indicators (60 
gm boric acid in 2970 ml ammonia-free water and 
30 ml indicator solution which made up of 0.330 
gm methyl red and Os^95 gm brom cresol green in 
500 ml of absolute ethanol). 
(3) Titrationi The distillate was titrated to a pink 
end point with O.Oz N Hcl. 
Percent nitrogen was calculated using the following formulas 
^ „ (ml HCl; (H HCl; (mol, wt. nitrogen) % N = = X 100, and 
(mg sample) 
Nitrogen percentages were converted to protein percentages 
"by multiplying uy 6.25. 
In three crosses (Table 3) that did not segregate for 
reaction to crown rust, I classified the F^-derived lines 
according to pubescent (sterilis type) vs= glabrous (sativa 
type) seedling stems, and lines that were homozygous and 
homogeneous pubescent and glabrous were analyzed for groat 
nitrogen (Table 3). 
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Table 3* Oat crosses in which F^-derived lines were classi­
fied according to pubescent and glabrous of seed­
ling stem 
Parentage 
Female Male 
Seedling stem 
Female Male 
C 237-89 IV 
C 237-89 IV 
X 469 II 
B 430 
B 429 
B 429 
glabrous 
glabrous 
glabrous 
pubescent 
pubescent 
pubescent 
Additionally, the F^-derived lines from 15 crosses 
(Table 4) were classified for jointed (sterilis type) vs. 
straight or no awns (sativa type), and groups or lines that 
were hnmozygnuR and homogeneous for these two types were com­
pared for mean groat-protein percentage. Of course, these 
lines were the same ones classified for reaction to crown 
rust, but they were arranged into different groupings. 
Statistical Procedures 
To test whether major loci for groat-protein percent­
age were associated with marker loci (i.e., for crown-
rust reaction, awn expression, and seedling-stem hairiness) 
I used the t-test technique. Within a cross, means and 
within-group variance for groat-protein percentage were 
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Table 4. Oat crosses in which Fo-derived lines were clas­
sified for jointed vs. straight or no awns 
Parentage Awn expression 
Female Male Female Male 
X 465 X B 430 awnless awned 
X 46? X B 430 awnless awned 
X 466 I X B 430 awnless awned 
X 4?0 I X B 430 awnless awned 
C 237-89 III X B 430 awnls 3s awned 
X 465 X B 434 awnless awned 
X 467 X B 434 âwnlésS awned 
X 466 I X B 434 awnless awned 
X 470 I X B 434 awnless awned 
C 237-89 III X B 434 awnless awned 
X 465 X B 429 awnless awned 
X 467 X B 429 awnless awned 
X 466 I X B 429 av/nless awned 
X 470 I X B 429 awnless awned 
C 237-89 III X B 429 awnless awned 
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calculated for the susceptible and resistant groups of F^-
derived lines. Next, the difference between the group means 
was tested for significance by dividing it with the stand­
ard error of the difference to give a "t" value (Snedecor and 
Cochran, 196?)• Values of "t" which exceeded the tabular 
values at the 0,05 and 0,01 probability levels were judged to 
be significant and highly significant, respectively. The 
seedling trait groups were tested similarly» If the groat-
protein means between two groups of F^-derived lines in a 
cross differed significantly5 a major groat-protein locus was 
judged to be associated with the marker locus. 
The t-test was also used to evaluate whether the par­
ents of a cross differed significantly in groat=protGin 
percentage. 
Simple correlations between groat-protein percentage 
and heading date and groat-protein percentage and plant 
height of F^-derived lines from I5 crosses (Table 4) were 
also calculated8 
20 
RESULTS 
Associations Between Groat-Protein Percentage 
and Marker Loci 
For each of the ^5 crosses in which segregation for re­
action to crown rust occurred, the parental strains dif­
fered significantly for groat protein percentages (Tables 
5, 6 and ?), The groat-protein percentage of the samples 
from the isoline parents used in crosses with B 4^0 (Table 5) 
varied from 18,0 for G 237-89 II to 21,8 for X #1 and those 
for the 16 samples of B 430 varied from 25.1 to 28.7* The 
isoline parental samples used in crosses with B 434 (Table 6) 
varied in groat protein from 17^1 percent for X 465 to 21,2 
percent for X 3^0, and samples of B 434 varied from 25=7 to 
28,7 percent. The samples of isoline parents crossed to 
B 429 varied from 17.9 percent for X 766 to 21.8 for C 237-
89 III for groat protein, and samples of B 429 varied from 
25.2 to 27.2 percent (Table 7). There seemed to be varia­
tion for groat-protein percentage (a) among the I6 isolines 
in isoline series, (b) aiacng the progenies from the differ­
ent plants that were chosen from the iscline for crossing to 
three hi^-protein A. sterilis lines, and (c) among the 
progenies from the different plants that were chosen from an 
A. sterilis strain for crossing to the 16 isolines. In 
spite of these sources of variations, all of the parental 
Table 5* Numbers of lines and mean groat-protein percentages of parents ^ d groups 
of SUE!oeptitile and resistant I\-derived lines from crosses of I5 oat 
isolines with B 430 strain 
Generation 
Female line Item Parental 
F^-derived lines 
Susceptible Resistant Susceptible Resistant 
X 465 5 
27.1** 
5 
19.0 
48 
23.0 
33 
23.8 
X 467 N 
% 27.4** 
5 
19.0 
34 
23.2 
35 
23.7 
X 550 II N 
% 
5 
28.7** 
5 
19.0 
15 
24.7 
10 
24.6 
X 466 I N 
% 
5 
27.8** 
5 
20.6 
53 
23.8 
36 
23.2 
X 470 I N 5 
27.7** 18.6 
35 
24.0 
51 
24.8 
C 237-89 III N 
% 
5 
25. 
5 
19,4 
50 
23.8 
21 
23.7 
X 292 II N 
% 
5 
25.1** 
5 
18.2 
11 
23.7 
63 
23.2 
N indicates nuimber of sample. 
Indicates mean of groat-protein percentage. 
*%Sigaifioant at 1% level. 
Table 5 (Continued) 
Generation 
Female line Item Parental F^-derived lines 
X 469 II 
X 5^1 
X 434 II 
X 766 
C 237-89 II 
X 360 
X 468 II 
X 5^4 
Susceptible Resistant Susceptible Resistant 
5 5 , 51 16 
r 26.6** 18.6 22.9 22.7 
N 5 5 20 64 
% 25.8<H«' 21.8 23.9 24.6 
N 5 5 31 , 39 , 
% 25.4** 19.8 23.6 22.6 
N 5 5 9 47 
% 27.6** 20.2 23.6 23.6 
N 5 5 57 35 
% 26. ()•»* 18.0 24.1 24.1 
N 5 5 41 36 
% 25.9** 21.1 25.2 25.1 
N 5 5 20 58 
% 25.9** 18.7 23.2 23.3 
N 5 5 18 32 
% 27.1** 20.1 24.7 23.4 
Table 6, Numbers of lines and mean groat-protein percentages of parents and groups 
of susceptible smd resistant Fo-derived lines from crosses of 16 oat 
isoline s with B 4-34 strain 
Generation 
Female line Item Parental F3-derived lines 
Susceptible Resistant Susceptible Resistant 
X 465 
a. 
5 
27.2** 
5 
17.1 
40 
22.7 
43 
22.7 
X 467 N 
% 28« 4** 
5 
18.2 
26 
22.9 
28 
23.5 
X 550 II N 
% 
5 
27.1** 
5 
18.5 
26 
23.2 
31 , 
23.4 
X 466 I N 
% 
5 
28.9** 
5 
20.2 
34 
22.7 
46 
24.1* 
X 470 I N 
% 
5 
28.1** 
5 
20.0 
36 
23.4 
31 
23.3 
C 237-89 III N 
% 
5 
28.2** 
5 
20.0 
51 
22.6 
25 
23.3 
X 292 II N 
% 28,6** 
5 
19.4 
21 
22.9 
46 
22.9 
Indicates number of sam]:ile. 
Indicates mean of groat-protein percentage. 
Si gélifie ant at 5^ level, 
•^'^'•Significant at Xfo level. 
Table 6 (Continued) 
Female line Item 
Generation 
Parental P^-de rived lines 
Susceptible Resistant Susceptible Resistant 
X 469 II Nb 5 5 „ 33 45 
r 27. k'K* 17.8 21.8 22.5 
X 5^1 N 5 5 15 73 „ 
% 27.%** 20.5 22.3 22.8 
X 434- II N 5 5 47 31 
% 27.?** 17.7 23.1 22.7 
X 766 N 5 5 32 40 
27.0** 18,7 22.7 23.5 
C 237-89 II " N 5 5 , 33 53 
% 27.3** 19.4 22.3 23.1 
X 237-89 IV N 5 25 , 38 , 
27.6** 18.3 22.6 22.6 
X 360 N 5 5 29 35 a 
25.7*# 21.2 23.7 23.8 
X 468 II N 5 5 29 27 
26.9** 18.1 22.2 23.3 
X 544 N 5 5 28 40 
28.7** 18.8 21.4 21.8 
Table 7. Numbers of lines and mean groat-protein percentages 
of susceptible and resistant F -derived lines from 
with B 429 strain ^ 
of parents 
crosses of 
and group 
14 isoline 
Item 
Generation 
Female line Parental F^-derived lines 
yusceptibie Resistant Sus ceptibie Resistant 
X 465 5 
27.2** 
5 
18.3 
27 
23.3 
29 
23.5 
X 46? N 
% 
5 
27.2** 
5 
18.8 
20 
22.9 
29 
23.9 
X 550 II N 
% 
5 
25.2** 
5 
19.3 
16 
24.0 
20 
24.2 
X 466 I N 
% 
5 
25.6** 
5 
18.1 
7 
22.0 
22 
24.4* 
X 470 I N 
% 
5 
25.2** 
5 
19.2 
11 
22.9 
25 
22.5 
C 237-•89 III N 
% 25.&#* 
5 
21,8 
37 
24.1 
31 
23.1 
X 292 II N 
% 
5 
25.6** 18.4 
14 
24.7 
30 
24.6 
Indicates number of sample. 
Indicates mean of groat-protein percentage. 
Significant at 59^ level. 
Sigrnificant at 1% level, 
Table 7 (Continued) 
Generation 
Female line Item Parental F^-derived lines 
Susceptible Resistant Susceptible Resistant 
X 5^1 5 5 18 19 
26.0"* 18.7 21.8 22.0 
X ^3^ II N 5 , 5 33 17 
% 25.6** 18.1 22.0 22.3 
X 766 N 5 5 19 36 
% 25.7#)!- 17.9 21.8 22.9 
C 237-89 II N 5 5 20 10 
% 26,7"* 19.1 23.0 23.6 
X 360 N 5 5 , 15 28 
% 25.8"* 20.4 22.9 22.9 
X 468 II N 5 5 23 27 
% 25c 5(»* 18.6 22.8 22.2 
X 544 N 5 5 27 32 
% 25.8** 19.1 22.9 23.7 
27 
pairs were sufficiently different in groat-protein percent­
age to be highly significant. 
Since high groat protein percentage always occurred in 
the susceptible parent, linkages between genes at loci for 
reaction to crown rust and genes at loci for protein should 
have occurred in the coupling phase, i.e., crown-rust sus­
ceptibility and high protein percentage. Therefore, if such 
a linkage existed in an A. sterilis line, the mean groat 
protein percentage for the group of susceptible F^-derived 
lines should have been significantly higher than that for 
the resistant group. 
In not a single one of the kS oat crosses that segre­
gated for crown-rust reaction did the susceptible group of 
F^-derived lines have a significantly higher mean groat-
protein percentage than its corrccpending resistant-
(Tables 5» 6 and 7). These results indicate that none of 
the loci for crown-rust reaction involved in my study was 
linked closely to a major locus for groat protein per­
centage, In 41 of the ^5 crosses, the differences in the 
means of groat protein for susceptible and resistant groups 
of lines were 1.0 percent or less and of the other four 
crosses two had the susceptible group mean higher than the 
resistance group, and two had the resistant group mean high­
er than the susceptible group. In the latter two cases the 
differences in means were judged significant at the 5 
28 
percent level; however, with ^•S crosses, at least two sig­
nificant differences would be expected due to chance, so 
these probably have no real meaning. 
Three crosses, C 237-89 IV x B 430, C 237-89 IV x B 
429 and X 469 II x B 429, produced all susceptible F^-
derived lines. The F^'s of these crosses were not selfs 
because each segregated for sterilis vs. sativa seed traits. 
In the first two cases, the female plants of C 237-89 IV 
that I used produced only susceptible progenies to race 203» 
so they "were simply aberrant plants. Another plant from 
C 237-89 IV used in the cross with B 434 produced progenies 
that were resistant to race 203 and this cross (C 237-89 IV 
X B 434) segregated resistant and susceptible F^-derived 
lineS: No similar explanation can be given for X 469 II x 
B 429 producing all susceptible P^-derived lines since the 
progenies from the X 469 II plant used as a female were all 
resistant to race 290. 
Since differential reaction to crown rust did not 
occur among F^-derived lines in these three crosses, I clas­
sified the segregates from them according to pubescent vs. 
glabrous seedling stems. Since the pubescent parents 
(A» sterilis) had significantly higher groat-protein per­
centages than the glabrous parents (A. sativa) for all 
three crosses, any linkage between a major groat-protein 
locus and the hairiness locus would have caused the group of 
29 
pubescent F^-derived lines in a cross to have higher groat 
protein than the counterpart group. In two crosses, 
C 237-89 IV X B 430 and X 469 x B 429, the mean groat-
protein percentages for the pubescent and glabrous groups 
of F^-derived lines were not significantly different 
(Table 8). In one cross, C 237-89IV x B 429, the means of 
the two groups did differ significantly? but unexpectedly; 
the glabrous group had a higher mean groat-protein per­
centage than did the pubescent group. No explanation is 
apparent for this result. 
Presence of jointed awns is characteristic of A. 
sterilis whereas A. sativa has either straight or no awns. 
Since the two ôât species showed contrasting features for 
kernel protein percentage and the awn trait, it was possible 
to investigate the degree of association between these two 
traits in my crosses. To estimate this association, I used 
15 crosses involving X 465» X 46?, X 466 I, X 470 I and 
C 237-89 III as females (low in groat=protein percentage 
and straight or no awns) crossed with B 430, B 434 and 
B 429 as males (high in groat-protein percentage and jointed 
awns), F^-derived seeds of these crosses were classified 
into two groups, according to type and presence or absence 
of âwn. Mean groat-protein percentage of two groups of 
F^-derived lines (i.e., a group with jointed awns and a 
group with straight or no awns) in each cross was presented 
Table 8, Numbers of lines and mean groat-protein percentages of parents and groups 
of pubescent and glabrous F^-derived lines from three oat crosses 
- Generation 
Parentage Item Parental F^-derived lines 
Pubescent Glabrous .Pubescent Glabrous 
C 237-89 :CV X B 430 N>, 5 
% 25.7** 
C 237-89 IV X B 4-29 N 3 
% 24. 
X 469 II X B 429 N 5 
# 25.3** 
5 49 29 
20,3 23.6 23.6 
5 12 27 
18.8 21.4 23.9** 
5 14 23 , 
18,9 22.8 23.6 
a 
N Indicates number of sam]:ile. 
b 
% Indicates mean of groat-protein percentage. 
^^Significant at 1^ level. 
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in Tables 9» 10 and 11. In every cross the mean groat-
protein percentage for the jointed-avm groups was higher 
than that for the group with straight or none-awns, and in 
14 of the 15 crosses (except for X 46? x B 434) the differ­
ences were significant# As shown by Campbell and Prey 
(1972a), my results indicate that a major locus for groat-
protein percentage is associated with the locus for awn ex­
pression. However, the association is not absolute since 
many F^-derived lines that were awnless possess as high 
groat-protein percentage as A. sterilis* This is illustrât» 
ed by the data from the cross X 467 x B 429 (Table 12). 
Note that lines 3» 2? and 57 are awnless and have groat-
protein percentages of 24.5» 25*2 and 26.4, respectively, 
values that are similar to the A. sterilis parent. 
Kernel Protein Percentage and Heading Date 
and Plant Height 
For an oat cultivar to be commercially successful, it 
must have proper maturity (generally measured by heading 
date) and lodging resistance. The latter is related to 
plant height because short genotypes tend to have better 
lodging resistance. My oat crosses provided good materials 
with which to investigate whether oat lines selected from 
A. sativa x A. sterilis crosses for their high groat-
protein percentage would tend to be undesirable for maturity 
Table 9. Nimber:; of lines and mean groat-protein percentages of parents and groups 
of F-i-derived lines with jointed and straight or none awns from crosses 
of five oat isolines with B 4^0 strain 
Generation 
Parentage Item Parental P.-derived lines 
None Jointed Straight or none Jointed 
X 465 x B 430 N, 5 5 46 29 
19.0 27.%** 22.7 24.6** 
X 467 x B 430 N 5 5 , 45 26 
% 19.0 27.4** 22.6 25.2*» 
X 466 I X B 430 N 5 5 58 24 
% 20.6 27.8** 22 «8 25. 5** 
X 470 I X B 430 N 5 , 5 45 39 
% 18.6 26.1** 23 «3 25.9** 
C 237-89 III X B430 N 5 5 43 25 
% 19.4 25.B** 23 "0 25.0** 
N Indicates number of sample® 
Indicates mean of groat-protein percentage. 
**Significant at 1% level. 
Table 10. Numbers of lines and mean 
of F3"derived lines with 
of five oat isolines with 
groat-protein percentages of parents and groups 
jointed and straight or none avms from crosses 
B 434 strain 
Generation 
Pari sntage I tern Parental F^-derived lines 
None Jointed Straight or none Jointed 
X 465 x B 434 $ 5 19.0 5 27.2** 39 39 21,8 23.8** 
X 467 :K B 434 N 
fo 
5 
19.0 27.8** 
17 36 
22.6 23.5 
X 466 I X B 434 N 
fo 20.6 
5 
28.9** 
42 38 
22.6 24.5** 
X 470 I X B 434 N 
% 18.6 
5 
28.1** 
42 24 
22.8 24.5** 
c 237-•89 III 3C B 434 N 
% 19.4 
5 
28.2** 
35 38 
21.9 23.7** 
Indicates number of sample® 
^92 Indicates mean of groat-protein percentage, 
**8ignificant sit 1% level. 
Table 11. Numbers of lines and mean groat protein percentages of parents and groups 
of Fo-derived lines with jointed and straight or none awns from crosses 
of five oat isolines with B 429 strain 
Generation 
Parentage Item Parental F-^-de rived lines 
None Jointed btraigbt or none Jointed 
X 465 X B 429 5 
19.0 
5 
26.2** 
37 
22.3 
19 
25.6** 
X 46? X B 429 N 
% 
5 
19.0 
5 
25.8** 
26 
22.2 
*
 
*
 
00 
CM 
CM 
X 466 I X B 429 N 
% 20.6 
5 
25.8** 
14 
22,5 
15 
25.0* 
X 470 I X B 429 N 
18.6 
5 
25.2** 
27 
22.2 
9 
23.9* 
C 237-89 I] Ll X B 429 N 
% 19.4 
5 
25.8** 
43 
22.3 
25 
26.0** 
Indicates number of sample. 
Indicates mean of groat-protein percentage» 
^'Significant at level. 
**Signiifleant at 1% level. 
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Table 12. Groat-protein percentage of Fo-derived lines of 
the cross X ^6? x B 429 ^ 
Jointed awn Straight or none awn 
2 25.3 — 
3 —  —  24.5 
4 26.0 = = 
6 23.1 — —  
? 31.9 
10 — 21.7 
11 22.6 — 
14 23.3 — 
15 25«1 — 
I? — 20.4 
20 — 21.3 
21 — 20.6 
24 26.2 
25 26,8 
27 —= 25.2 
29 — 21.3 
33 — 23.0 
35 23.1 - -
36 — 24.5 
37 23.5 
36 
Table 12 (Continued) 
Jointed awn Straight or none awn 
No. 
38 —— 18 • 8 
39 — 22.6 
40 — 19.9 
41 — 20.8 
42 — 24.9 
44 =- 22.2 
45 —— 20,4 
46 25*9 — 
48 20,9 "" 
49 — 24.0 
5G 23=1 
52 —" 18.6 
53 — 23.7 
54 —— 21.4 
55 23.6 
56 23»8 — 
57 — 26.4 
59 18 « 8 
60 — 22.5 
61 — — 21.8 
37 
Table 12 (Continued) 
Entry 
No. Jointed awn Straight or none awn 
63 24.5 
64 26.4 
66 23*0 —— 
67 21.9 
69 2690 —— 
70 23=4 
71 25.3 
72 27.1 
and plant height. For this portion of the study I used the 
same I5 crosses as employed in the awn-groat protein associ­
ation study. Correlation values "between groat-protein per­
centage and heading date ranged from 0,03 to O.56» but only 
three were significant (Table 13), Similarly* correlation 
values between groat-protein percentage and plant height 
ranged from 0.02 to 0.28, and none v/as significant, when 
all 15 crosses are considered, it is obvious that groat-
protein percentage is not very closely related to neither 
heading date nor plant height in general. However, correla­
tion values between groat-protein percentage and heading 
38 
Table 13. Simple correlation coefficients of groat-protein 
percentage with heading date and plant height 
Parentage 
Groat-protein 
with 
heading date 
Groat-protein 
with 
plant height 
X 465 X B 430 
X 467 X B 430 
X 466 I X B 430 
X 470 I X b 430 
C 237-89 III X B 430 
X 465 X B 434 
X 467 X B 434 
X 466 X X B 434 
X 470 I X B 434 
Q 237-89 IÏÏ X B 434 
X 465 X B 429 
X 467 X B 429 
X 466 I X B 429 
X 4?0 I 
c 237=39 III 
B 429 
B 429 
0.15 
0.11 
0.07 
0.03 
0.11 
0,19 
0.21 
0.06 
0.25 
0.06 
0.00 
0.36** 
0.54** 
0.48** 
0109 
0.25 
0.12 
0.08 
0.06 
0,04 
0.06 
0.02 
0.09 
0.05 
0.12 
0.21 
0,23 
0.23 
0.28 
0.09 
**Siffliificant at level. 
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date in three crosses ranged from 0.48 to O.56, and all 
three crosses had the male parent B ^29 in common which in­
dicates that associations among these traits might vary in 
magnitude depending upon the specific A. sterilis line that 
is used as a parent-
inheritance of Groat-Protein Percentage 
Since I found no evidence for the presence of major 
genes for groat-protein percentage, except on the chromosome 
that carries the awn-expression locus, it is appropriate to 
treat groat-prctein percentage as a quantitatively inherited 
trait for inheritance study purposes. When a breeder is at­
tempting to improve a quantitatively inherited trait in a 
crop plant, information relating to its inheritance pattern 
is essential since this determines breeding procedures 
that should be most efficient for bringing about its im­
provement. 
Thirty-seven of my 48 crosses gave frequency distribu­
tions for groat-protein percentage that were symmetrical or 
nearly so (crosses of X 465» X 46?, X 550 II, X 466 X, 
X 470 I, c 237-89 III, X 292 II. X 469 II,X 541, X 434 II , 
X 766, C 237-89 II, C 237-89 IV, and X 544 with B 430, of 
X 467, X 466 I, X 470 I, X 292 II, X 469 II, X 5^1, X 434 II, 
X 766, C 237-89 II, C 237-89 IV, X 360, and X 468 II with 
B 434 and of X 465, X 467, X 470 I, C 237-89 III, X 469 II, 
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X 541, X 434 II, X 766, G 237-89 II, X 360, X 468 II, and 
X 544 with B 429) and the means of the F^-derived lines in 
these crosses were either in the same or an adjoining class 
interval as the corresponding midparental value (Tables 14, 
15 and 16), This suggested that additive type of gene action 
was operating in these crosses. Plants in some crosses, 
e.g., X 465 X B 434, C 237-89 III X B 434 and X 5^4 x B 434, 
segregated toward an excessive number of low protein lines 
and their segregate means were lower than midparental values 
in other crosses, E^GÎ» X 470 x B 430» X 292 II x B 430, 
X 360 x B 430, X 468 II X B 430, X 550 II x B 429. X 466 I 
X B 429, X 292 II X B 429, and C 237-89 IV x B 429, there 
was segregation of an excessive number of high-protein lines 
and they had means higher than midparental values. The data 
from these crosses could be interpreted as due to duplicate 
epistâtio gêîié âûtioïij for lew groat^protein psrceiixags in 
the first set and for high groat-protein percentage in the 
second set. It may be sigiificant that only one A, sterilis 
line, B 434, was involved in cross where an excessive number 
of low-protein lines segregated, and the other two A. 
sterilis lines, B 429 and B 430, were involved in crosses 
where an excessive number of high-protein lines segregated. 
No A. sativa isoline was involved in both sets of crosses. 
The type of gene action, therefore, seemed to depend upon the 
particular parents in a cross. 
Table 14, Frequency distributions and means of P^-derived lines and parental and 
midparental values for groat-protein percentage from crosses of 16 
oat isolines with B 430 strain 
Protein Cross of B 430 with 
percentage 
class intervs.l X465 X467 X5501I X466I X470I C234-89III X292II X469II 
32.1 - 33 »0 
31.1 - 32.0 1 1 
30.1 - 31,0 1 3 1 1 
29.1 - 30,0 1 2 P. 2: 3 1 1 
28.1 - 29.0 2 3. l.st 3 3 1 2 
27.1 - 28.0 7st 3st P, dst 11 4 3 1 
26.1 - 27.0 5 4 9 9s t 7 5 4 
25.1 - 26.0 7 9 .5 9 6 6st 4st 6st 
24.1 — 2.5.0 8 9 2x Sha llx 7 12 11 
23.1 - 24.0 7x*,m 12xim 3ra 13x 10 llx llx 9 
22.1 - 23.0 14 10 2 18 9m l^n 10 8x,m 
21.1 - 22.0 11 11 1 12 5 8 7m 15 
20.1 - 21.0 8 11 2 6 sa 11 5 12 8 
19.0 - 20.0 1 1 2 4 5 4sa 3 4 
18.1 - 19«0 7sa sa sa 2 sa 1 2sa Isa 
17.1 - 18«0 1 1 
16.1 - 17,0 0 
15.1 - 16.0 3. 
a. 
X, sa, s t gind m denote segregate mean, Afl sativa parent, A. sterilis parent 
and midparental values , respectively. 
Table 14 (Continued) 
Ptotein Cross of B 430 with 
class interval X541 X434II X766 0237-8911 C237-89IV X360 X468II X544 
32.1 - 33.0 1 
31.1 - 32.0 1 1 0 
30.1 - 31.0 1 0 0 2 
29.1 - 30.0 2 2 4 0 4 1 
28.1 - 29.0 2 3 1 2 2 3 2 3 
27.1 - 28,0 5 1 3st 5s t 0 4 2 4 
26.1 - 27.0 list 2 5 9 3st 12 2 4s t 
25*1 ~ 26,0 12 5st 4 11 5 12x,st 11 6 
24» 1 — 25.0 lOx 10 11 llx 5 12 13st 5 
23.1 - 24*0 Ij^ 9x l x , m  13 llx,m 8in llx 8x,m 
22.1 - 23.0 16 8m 12 15n 15 11 11 5 
21.1 - 22*0 3sa 7 9 12 18 4sa 10m 6 
20.1 - 21 «0 5 11 Isa 2 9 sa 1 8 5sa 
19.1 - 20 a 0 2 3sa l\- 4 4 2 3sa 4 
18.1 - 19 «0 1 3' 2sa 3 3 
17.1 - 18 «0 1 1 
16.1 - 17 «0 
15.1 - 16 oO 
Table I5 Frequency distributionei and means of F^-derived lines sind parental and 
midparental values for groat-protein percentage from crosses of I6 
oat isolines with B 43%- strain 
Cross of B 434 with Protein 
percentage ————.—-—— — — — 
class interval X465 X467 X550II X466l X470I G234-89III X292II X469II 
32.1 - 33 »0 
31.1 - 32.0 1 
30.1 — 31,0 0 1 
29.1 _ 30,0 1 0 ]. 4 1 3 0 2 
28.1 — 29.0 0 0 2 Ost 2st 1st 1st 0 
27.1 - 28,0 3st 2 s t îist 3 2 0 1 1st 
26.1 2 7 . 0  2 6 4 6 4 5 4 2 
25.1 — 26.0 10 5 5 7 4 3 8 4 
24.1 - 26.0 l4m 9m 8 6m 6 6 
23.1 24.0 5 7x,m 17x 15%,m 16 8m 13 
22.1 - 23.0 13x 8 11m 8 11 8x 13x 9x,m 
21.1 - 22.0 11 11 9 12 9 18 9 13 
20,1 «a 21.0 10 4 ,5 5sa 9 11 8 14 
19.1 — 20,0 9 3 4 6 Isa Isa 9sa 8 
18.1 - 19.0 3 Isa Isa 2 1 2 6 
17.1 18.0 Osa 1 2 Isa 
16.1 - 17.0 2 
15.1 - 16.0 
Table 15 (Continued) 
Protein 
percen tsige 
class interval X5^'l X.434II X766 
32.1 - 3 3  « 0  
31.1 - 32.0 1 
30.1 - 31 «0 0 
29.1 30 „0 1 1 1 
28.1 - 29.0 1 1 2 
27.1 - 28 .,0 1st 1st 1 
26.1 27 „ 0 3 6 7st 
25.1 — 26,0 8 6 13 
24.1 - 25.0 14 4 5 
23.1 24,0 13m 10 llx 
22.1 — 23,0 13x l4x,m 9*m 
21.1 - 22.0 11 16 8 
20.1 21.0 12sa 11 4-
19.1 — 2 0 . 0  7 4 6 
18.1 
-
10.0 2 2 4s a 
17.1 18.0 1 Isa 0 
16.1 — 17.0 0 2 
15.1 - 16.0 1 
Cross of B 4^4 with 
C237-89II C237-89IV X36O X468ll X5^4 
1 
2 
1 1 st 
2 2 1 1st 
1st 1st 2 2 0 
4 0 8 3 2 
6 4 5s t 2 3 
12 7 5 7 4 
16m 8 llx,m 13m 5m 
llx l8x,m 8 8x 12 
17 6 6 sa 7 14 
5 8 9 8 8 
6sa 7 4 4 10 
4 Isa 0 2sa 7sa 
2 1 0 ' 3 
Table l6. Frequency distributions and means of Fj"derived lines and parents and 
midparental values for groat-protein percentage from crosses of 16 
oat isolines with B 429 strain 
Protein 
percentage 
class interval 1*1
1 Cross of B 429 with 1*1
1 
X467 X55011 X466I X470I C237-89III X292II X469II 
32.1 - 33.0 1 
31.1 — 321 nO 0 1 1 1 
30.1 - 31.0 0 0 0 0 1 
29.1 - 30,0 1 0 2 1 2 4 
28.1 - 29,0 0 1 2 1 3 0 2 
27.1 — 28II0 4 1 4 3 3 4 0 
26.1 - 27 ,0 3st 4 7 2 3 6 5 3 
25.1 — 2610 3 8s t 3 2st 2st 7st 3st 4st 
24.1 - .25.0 8 4 93:, St 0 6 4 5x 4 
23.1 - 24.0 9x 9x 4 lOx 6 llx,m 9 7x 
22.1 - 23.0 9m 6 m 4 1 5%,m 8 9m 
21.1 - 22.0 7 6 5ii km 4 lOsa 6 5 
20.1 - 21.0 6 5 6 2: 4 5 2 3 
19.1 - 20.0 4 1 2!3a 3 4sa 3 3 
18.1 - .19.0 Isa 3sa 1 sa 1 3 sa sa 
17.1 - 18.0 0 1 
16.1 - 17.0 1 
15.1 - 16.0 
Table l6 (Continued) 
Protein 
percentage TTT" 
class interval XS^l 
32.1 - 33.0 
31.1 - 32.0 
30.1 — 31.0 
29.1 _ 30 «0 
28.1 - 29.0 1 
27.1 - 28.0 1 
26.1 27.0 
4s t 
3 
25.1 - 26.0 1st 
24.1 - 25» 0 3 3 
23.1 24» 0 3 8 
6x 22.1 23,0 7m 
21.1 - 22,0 6x 8m 
20.1 21*0 9 11 
19.1 - 20.0 1 5 
18.1 - 19«0 3sa Isa 
17.1 i B u O  ]. 2 
16.1 - 17.. 0 
15.1 - 16 «0 
Cross of B 429 with 
X766 0237-8911 C237-89IV X360 x468ll X544 
1 1 
1 0 1 0 
0 3 0 3 
3 1 1 2 4 
3 4 5 2 2 6 
7st 5st 3 5s t 2st 3st 
7 2 2st 1 6 3 
5 3x 9 12m 9 8x 
llx 4m 7x 9x 8x,m 11m 
7m 2 6m 8 10 7 
2 1 7 4sa 6 5 
2 3sa 2 0 3 6sa 
7sa 2 4s a 3 Isa 1 
1 2 1 1 
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Groat-Protein Percentages of Isolines 
Theoretically, the mean protein percentage of the l6 
isolines I used should be the same, or at least equal to the 
mean protein percentage of their recurrent parent, C 237-89 
III. They are backcross-derived lines and extracted after 
six generations of crossing. However, I found that means of 
groat-protein percentage for seven backcross-derived iso­
lines were significantly lower than that of the recurrent 
parent (Table 17). This difference could not be due to vari­
ation in maturity, the agronomic character which found 
correlated to groat-protein percentage in this experiment 
(Table 13): because these isolines all headed on the same 
date. Nor can it be explained on the basis of soil varia­
bility since each isoline was sown in three different repli» 
catess Perhaps, some of the resistant loci are linked with 
or have a repressing effect on groat protein. 
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Table 1?. Means of groat-protein percentage for seven oat 
isolines and their recurrent parent, C 237-89 III 
Isolines Number of Mean groat-
compared p%:entage 
X 465 15 18.2 
C 237-89 III 15 20.4** 
X 467 15 18.7 
C 237-89 III 15 20.4** 
X 550 II 15 19.0 
C 237-89 III 15 20,4* 
X 292 II 15 18,7 
G 237-89 ill 15 20.4** 
X 469 II 15 18.4 
V 237-89 III 15 20:4** 
X 434 II 15 18,5 
C 237-89 III 15 20.4** 
X 468 II 15 18.5 
C 237-89 III 15 20.4** 
^Significant at 5% level, 
^^Significant at 1% level® 
49 
DISCUSSION 
In the field of plant breeding, improving quantitative 
traits such as grain yield and protein percentage in the 
grain can be achieved either through the manipulation of ma­
jor or minor(quantitative) genes. Frankel (194?) suggested 
that yield improvement in wheat for New Zealand through the 
exploitation of major genes has reached a plateau and that 
further improvement could be made only through selecting for 
quantitative genes. In contrast, discoveries of associa­
tions between qualitatively and quantitatively inherited 
traits in oats, i.e., seed characters (awn expression, ab­
scission spikelet separation, glum hairiness and seed color) 
and groat-protein percentage by Campbell and Prey (19?2a), 
and crown=rust resistance and grain yield increase or de­
crease by Frey and Browning (1971), indicate the existence or 
major genes that might be used to improve these quantitative­
ly inherited traits in oats. It was these findings, of 
course, that suggested my investigation for linkage between 
genes that differentiated reaction to crown-rust disease and 
level of groat=prctsin percentage^ If sych associations 
(linkages) were found. groat=protsin percentage, which is 
usually recognized as a quantitatively inherited trait- could 
be transferred into oat cultivars by backcrossing. Reaction 
to crown-rust disease is simply inherited (in most cases by 
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one gene pair) and 16 dominant genes (probably each at a dif­
ferent locus) that condition resistance to various races of 
the pathogen have already been established into a uniform 
genetic background by Prey et al. (I971), so they represent 
a series of isolines. The rust reactions of oat lines can be 
tested quickly and accurately on small samples. Furthermore, 
none of these oat isolines is aberrant for groat-protein per­
centage. Therefore, the isolines that carry the different 
alleles for resistant reaction to crown rust appeared to be a 
nearly ideal set of materials with which to conduct my marker-
gene study. If backcrossing could be used to transfer major 
genes for groat-protein percentage via a marker-gene system, 
large numbers of oat lines could be screened for this trait 
by testing crown-rust reaction instead of being put through 
the time-consuming and expensive chemical analysis. Unfortu­
nately, such linkages were not found in my study, it seems, 
therefore, that plant breeders must treat groat-protein per­
centage as a quantitatively inherited traits 
Of course, my failure to find associations between 
level of groat protein in crosses of A. sativa x A. sterilis 
and genes at some loci that condition reaction to crown rust 
does not preclude the existence of major genes for groat-
protein percentage. It is possible that major genes for 
groat-protein percentage were located on chromosomes differ­
ent from the ones which carried the crown-rust reaction loci 
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with which I worked. The crown-rust reaction loci used in 
thiJ experiment may be present in only a few linkage groups. 
Unfortunately, knowledge concerning the chromosomes which 
carry the crown-rust reaction loci is not available at pres­
ent. If the rust-reaction loci I used happen to fall into 
few linkage groups, only a few chromosomes of the A. sterilis 
lines were sampled, and hence, major genes for groat-protein 
percentage that might be located on the non-tested chromo­
somes would not be detected. Furthermore, loci for groat-
protein percentage and crown-rust reaction located on differ­
ent arms of the same chromosome likely would segregate inde­
pendently from each other. Currently, a program is underway 
at Iowa State University to assign the crown-rust reaction 
loci to specific chromosomes via monoscmic analysis. When 
this study is completed, it should become more clear whether 
my experiments sampled many or only a few of the chromosomes 
in A. sterilis lines, B 429, B 430 and B 434. 
Certainly, on the basis of the data from my study oat 
breeders should treat groat-protein percentage as a quanti­
tatively inherited trait. The best breeding methods for im­
proving this trait would be those that are applicable to 
collecting genes, each with a small effect, into a single 
genotype, esg,, recurrent selection» 
I did find that the awnedness trait was linked with 
high groat-protein percentage (Tables 9» 10 and 11), but this 
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association is not beneficial to oat breeding since the 
presence of jointed awns on the lemmas of oat seeds is an un­
desirable character. Campbell and Prey (1972a) reported the 
same association previously. They also found that other un­
desirable seed traits like shattering, seed color, hairy glume 
and abscission spikelet separation, all characteristic of 
A. sterilis, were linked with high groat protein. These as­
sociations are not absolute since many of my F^-derived 
lines were sativa type in seed traits and had high groat-
protein percentages Presumably, these lines arose from cross­
ing over between a major locus (or complex of loci) that 
controlled groat-protein percentage and the locus for seed 
trait differentiation. Practically, there should be no limit 
to obtaining high groat-protein genes located on these chromo­
somes combined with sativa seed type= 
All correlations of groat-protein percentage with 
breeding date and plant height were positive. This situation 
is in contrast to the negative correlations reported by 
Campbell (1970): Probably, his results and mine really are 
not in conflict since Campbell's correlation values were low 
and insignificant. Practically, the correlations of groat-
protein percentage with heading date and plant height would 
not preclude, or ever inhibit, combining high groat-protein 
percentage into genotypes with any heading date and/or plant 
height. Similarly, no significant association between seed 
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protein and plant height and heading date has been reported 
in the literature for oats, barley and wheat (Brown et al., 
1966; Hsi and Lambert, 195^» Schlehuber et al., 196?; Stuber 
et al., 1962). 
Information on the type of gene action involved in the 
genetic determination of groat-protein percentage of F^-
derived lines would determine the best method for selecting 
for this trait. Most of the oat crosses investigated showed 
additive type of gene action and a few showed duplicate 
episfcasis (Tables 14, I5 and I6). It should not be too diffi­
cult to obtain high protein genotypes since under additive 
gene action the phenotype closely reflects its genotype. A 
similar finding was reported by Prey et al.(1955) and Campbell 
(1970), However, neither of these authors found duplicate 
epistasis type of gene action toward the high protein parent 
as I did in crosses of X 470 x B 430, X 292 x B 430, X 360 x 
B 430, X 468 II X B 430, X 550 II X B 429, X 466 I x B 429, 
X 292 X B 429 and G 237-89 IV x B 429= With this type of 
gene action it should be quite easy to select sativa-type 
lines. 
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SUMMARY 
Recently, a number of lines of Avena sterilis, a wild 
oat collected near the Mediterranean Sea, were found to have 
groat-protein percentages as high as 25*0 to 30.0 percent, 
whereas Com Belt cultivars usually have only 15*0 to 20,0 
percent. In this study, I investigated whether these high 
groat-protein percentages might be inherited in part through 
genes at major loci. My study made use of the marker-gene 
technique and "isopopulaticns" of P^-derived lines of oats. 
Sixteen isolines of cultivated oats, each with a 
unique crown-rust resistance gene and low to medium groat-
protein percentage, were crossed to three A. sterilis lines, 
each susceptible to crown rust and high in groat-protein 
percentage» Within each of 45 crosses that segregated for 
reaction to crown rust, groups of rssisiaiit and s^sceptlbls 
F^-derived lines were selected. These lines were analyzed 
via the micro^Kjeldahl method for groat-protein content. 
Means of groat-protein percentages for the resistant and sus­
ceptible groups of lines were compared via the t^test. 
It was assumed that if major loci for groat-protein 
percentage were present in these Â. sterilis lines one or 
more of them might be associated with one or more of the loci 
for reaction to crown-rust disease in the isoline series. In 
a cross where such an association occurred, the susceptible 
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group of lines should have a significantly higher percentage 
of groat protein than the resistant group. 
For all 48 oat crosses, the groat-protein percentages 
of the A. sterilis parents were significantly greater than 
those of the A. sativa isoline parents. However, in none of 
the 45 crosses that segregated for reaction to crown rust was 
the mean groat-protein percentage of the susceptible group 
significantly greater than that of the resistant group. In 
two crosses, the mean of the resistant group was signifi­
cantly greater than that of the susceptible group, but these 
were considered to be due to chance » Therefore, I found no 
evidence for major loci for groat-protein percentage in the 
xnist reaction portion of my study. Neither did I find an 
association between groat-protein content and a locus for 
hairiness of seedling stems in the crosses. In contrast, 
there was an association between high groat-protein percentage 
and the jointed-awn trait of A. sterilis. 
Correlations of groat=prot8in percentage with heading 
date and plant height in these oat crosses ranged from 0.03 
to 0,56 and 0,02 to 0.28, respectively. Only three correla­
tions with heading date were significant. 
Gross means and frequency distributions suggested that 
both additive and duplicate epistatic gene action operated in 
conditioning groat-protein percentage in these oat crosses. 
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